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We study the weak decays of exotic tetraquark states bc¯qq¯ with two heavy quarks. Under the
SU(3) symmetry for light quarks, these tetraquarks can be classified into an octet plus a singlet:
3
⊗
3¯ = 1
⊕
8. We will concentrate on the octet tetraquarks with JP = 0+, and study their
weak decays, both semileptonic and nonleptonic. Hadron-level effective Hamiltonian is constructed
according to the irreducible representations of the SU(3) group. Expanding the Hamiltonian, we
obtain the decay amplitudes parameterized in terms of a few irreducible quantities. Based on these
amplitudes, relations for decay widths are derived, which can be tested in future. We also give a
list of golden channels that can be used to look for these states at various colliders.
I. INTRODUCTION
Since the first discovery of X(3872) by Belle in 2003 [1], a large number of charmonium-like and bottomonium-like
hadrons have been discovered in the past decade [2]. Many of these discovered states defy a standard quarkonium
interpretation and likely have a pair of hidden flavored quarks, with the quark content QQ¯qq¯′ (for a recent review,
see Refs. [3, 4]). Here Q represents a heavy bottom/charm quark and q(q′) denotes a light u, d, s quark. Extensive
theoretical studies have been carried out to explore their structures, productions and decays [5–30]. In 2016, the
D0 collaboration has reported an evidence for the open-bottom tetraquark X(5568) [31], though it has not been
confirmed by the other experimental groups [32–35]. Therefore the existence of open-flavored tetraquarks is an
interesting question in hadronic physics, in particular the hadron spectroscopy.
Four-quark states with two different heavy quarks and two light quarks are of great interest since they can provide
a unique platform to study strong interactions under two color static sources. In the diquark-antidiquark model [36],
the four-quarks system [bq][c¯q¯] with orbital angular momentum L=0 can have JP = 0+ [37]. Since the 0+ tetraquarks
are lowest lying, their weak decays can provide unique insights to unravel their internal structure. In this paper, we
adopt the SU(3) flavor symmetry to handle these weak decays. The SU(3) approach has been successfully applied into
the B meson and heavy baryon decays [38–54] and a global picture consistent data has been established. In the SU(3)
symmetry, the tetraquarks with two light quarks can form an octet and a singlet. In this work, we will concentrate
on the octet, abbreviated as Xbc¯8.
In the following, we will first construct the hadron-level effective Hamiltonian according to the irreducible represen-
tations of the SU(3) group. Expanding these Hamiltonian, we obtain the decay amplitudes parameterized in terms of
a few SU(3) irreducible quantities. Based on the expanded amplitudes, relations for decay widths are derived, which
can be examined in future. We also give a list of golden channels that can be used to look for these states at various
colliders.
The rest of this paper is organized as follows. In Sec. II, we give the multiplets expressions under the SU(3) flavor
symmetry. From Sec. III to Sec. IV, we mainly study the semi-leptonic and non-leptonic weak decays of the Xbc¯8
states. In Sec. V, we will give a collection of the golden channels that can be used to discovery the doubly heavy
tetraquarks in future experiments. we summarize in the last section.
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FIG. 1: Feynman diagrams for semileptonic decays of tetraquark Xbc¯8. Panel (a) corresponds to the b quark decay and panel
(b) denotes the c¯ quark decay.
II. PARTICLE MULTIPLETS
Based on the light flavor SU(3) symmetry, open-flavor tetraquark with the quark constituents bc¯qq¯ can form an
octet and a singlet, of which the octet can be represented as
Tbc¯8 =


TBc
pi0√
2
+
TBcη√
6
TBc
π+
TBc
K+
TBc
π−
−T
Bc
pi0√
2
+
TBcη√
6
TBcK0
TBc
K−
TBc
K
0 − 2√6TBcη

 . (1)
For simplicity, we will not consider the flavor singlet in this work. The decomposition can be reached by 3
⊗
3¯ = 1
⊕
8.
In the meson sector, light pseudoscalar mesons or vector mesons can also form an octet plus a singlet, generally,
the octet is written as
M8 =


π0√
2
+ η√
6
π+ K+
π− − π0√
2
+ η√
6
K0
K− K¯0 −2 η√
6

 , (2)
as the same quark content, vector meson octet will give the similar structure. Besides, we need the representation
of bottom mesons which form an SU(3) anti-triplet given as: Bi =
(
B−, B
0
, B
0
s
)
, and the representation of
anti-triplet charmed mesons given as: Di =
(
D0, D+, D+s
)
, D
i
=
(
D
0
, D−, D−s
)
.
III. SEMI-LEPTONIC Tbc¯8 DECAYS
In this section, we will discuss the possible semi-leptonic weak decay modes of the octet tetraquark Tbc¯8. Considering
the decay modes at quark level, Tbc¯8 will hold both b-quark and c¯-quark decays. For the b-quark, semi-leptonic weak
decays are governed by
b→ c/uℓ−ν¯ℓ. (3)
For the c¯-quark, semi-leptonic decays are induced by
c¯→ d¯/s¯ℓ−ν¯ℓ. (4)
In the following, we will study the decays above in order.
3TABLE I: Amplitudes for tetraquark Xbc¯8 decays into anti-charmed meson or a light meson.
channel amplitude channel amplitude
XBcπ− → D−l−ν¯ a1Vub XBcπ0 → D
0
l−ν¯ a1Vub√
2
XBcK− → D−s l−ν¯ a1Vub XBcη → D
0
l−ν¯ a1Vub√
6
channel amplitude channel amplitude
XBc
π−
→ π−l−ν¯ a2 XBcπ0 → π0l−ν¯ a2
XBc
π+
→ π+l−ν¯ a2 XBcK− → K
−l−ν¯ a2
XBc
K
0 → K0l−ν¯ a2 XBcK0 → K0l−ν¯ a2
XBc
K+
→ K+l−ν¯ a2 XBcη → ηl−ν¯ a2
1. b→ c/uℓ−νℓ: decays into a meson and ℓ−νℓ
In b quark decay, the general electro-weak Hamiltonian of the b→ c/uℓ−νℓ transition can be expressed as
Heff = GF√
2
[
Vq′bq¯
′γµ(1− γ5)bℓ¯γµ(1 − γ5)νℓ
]
+ h.c., (5)
with q′ = u, c, in which the electro-weak vertex is suggested to be a V −A structure. As a contrast, the vertex forms a
triplet representation H ′3 within SU(3) flavor symmetry, specifically (H
′
3)
1 = 1 and (H ′3)
2,3 = 0. At the hadron level,
the transition can be included into the process that Xbc¯8 decays to a charmed meson and ℓνℓ. Following the SU(3)
analysis, the Hamiltonian of hadronic level is constructed as
Heff = a1(Tbc¯8)ij(H ′3)jDiℓ¯ν , (6)
here, the coefficient a1 represents the non-perturbative parameter. For completeness, we give the corresponding
Feynman diagram at quark level shown in Fig. 1.(a). It is convenient to achieve the decay amplitudes given in Tab. I
by expanding the Hamiltonian constructed above, in which all amplitudes are represented as a1. Therefor, we can
directly obtain the relations between different decay channels given as follows.
Γ(XBcπ− → D−l−ν¯) = 2Γ(XBcπ0 → D
0
l−ν¯) = Γ(XBcK− → D−s l−ν¯) = 6Γ(XBcη → D
0
l−ν¯).
It is should be note that the phase space difference will provide corrections to these relations.
For the SU(3) singlet b→ c transition, the process at the hadron level is that Xbc¯8 decays into a light meson octet
and ℓνℓ. Consequently, the Hamiltonian at the hadron level is constructed as
Heff = a2(Tbc¯8)ijM ji ℓ¯ν . (7)
One then obtain the amplitudes of different decay channels listed in Tab. I, from which we derive that all the channels
in the transition give the equal decay widths.
2. c¯→ d¯/s¯ℓ−ν¯ decay into B meson and ℓ−ν¯
In c¯ quark decay, the electro-weak effective Hamiltonian are given as
Heff =
GF√
2
[
Vcq c¯γ
µ(1− γ5)qℓ¯γµ(1− γ5)νℓ
]
+ h.c., (8)
where q = d, s, Vcd and Vcs are CKM matrix elements. Under the SU(3) symmetry, the c¯→ q¯ℓ−ν¯ transition can form
an SU(3) triplet vertex, denoted as H3 with (H3)
1 = 0, (H3)
2 = Vcd, (H3)
3 = Vcs. Consistently, We construct the
Hamiltonian at the hadron level as follows.
Heff = c1(Tbc¯8)ij(H3)iB
j
ℓ¯ν . (9)
4TABLE II: Amplitudes for tetraquark Xbc¯8 decays into a B meson.
channel amplitude channel amplitude
XBcπ− → B−l−ν¯ c1Vcd XBcπ0 → B
0
l−ν¯ − c1Vcd√
2
XBcK− → B−l−ν¯ c1Vcs XBcK0 → B
0
l−ν¯ c1Vcs
XBcK0 → B
0
sl
−ν¯ c1Vcd X
Bc
η → B
0
l−ν¯ c1Vcd√
6
XBcη → B
0
sl
−ν¯ −
√
2
3
c1Vcs
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FIG. 2: Feynman diagrams for the b-quark non-leptonic decays of tetraquark Xbc¯8. Panels (a-k) correspond to the decays into a
pair of mesons. In panels (k), the final meson produced by gluons is the flavor singly state which we will not consider here. The
diagrams in panels(c,d,g,h,i) are usually power suppressed as a pair of quark and anti-quark in the initial state can annihilate.
The decay amplitudes deduced from the Hamiltonian above are listed in Tab. II. For completeness, we give the
corresponding Feynman diagrams given in Fig. 1.(b). One then obtain the relations between different channels as
follows.
Γ(XBcπ− → B−l−ν¯) = 2Γ(XBcπ0 → B
0
l−ν¯) = Γ(XBcK0 → B
0
sl
−ν¯) = 6Γ(XBcη → B
0
l−ν¯),
Γ(XBcK− → B−l−ν¯) = Γ(XBcK0 → B
0
l−ν¯) =
3
2
Γ(XBcη → B
0
sl
−ν¯).
More technically, the relations between different channels may be modified with a view to the SU(3) symmetry
breaking effects in the charmed or anti-charmed quark decays.
IV. NON-LEPTONIC Tbc¯8 DECAYS
In b quark non-leptonic decays, the transitions can be classified into four different kinds in the light of CKM matrix:
b→ cc¯d/s, b→ cu¯d/s, b→ uc¯d/s, b→ q1q¯2q3, (10)
here q1,2,3 represent the light quark.
In c¯ quark non-leptonic decays, the pronounced classifications are given as:
c¯→ s¯du¯, c¯→ u¯dd¯/ss¯, c¯→ d¯su¯, (11)
which are Cabibbo allowed, singly Cabibbo suppressed, and doubly Cabibbo suppressed respectively. In the following,
we will study the Xbc¯8 non-leptonic decays in these orders.
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FIG. 3: Feynman diagrams for the c¯-quark non-leptonic decays of tetraquark Xbc¯8. The two-body processes are given in
panels(a-h). The c¯-quark decays have the similar structures with the b-quark decays. The panels(a-h) contribute to the process
of Xbc¯8 decays into B plus a light meson.
(I). b→ cc¯d/s transition: two-body decays into mesons
The operator of the b→ cc¯d/s transition can form an triplet under the SU(3) light quark symmetry, according to
that we can write down the effective Hamiltonian of Xbc¯8 producing two mesons as follows.
Heff = a1(Tbc¯8)ij(H3)jDiJ/ψ,
Heff = a2(Tbc¯8)ij(H3)jDkMki + a3(Tbc¯8)ij(H3)kDkM ji + a4(Tbc¯8)ij(H3)kDiM jk , (12)
with (H3)
2 = V ∗cd and (H3)
3 = V ∗cs. Consistently, the corresponding Feynman diagrams are given in Fig. 2(a-d). In
particular, the diagrams in Fig. 2(a,b) represent Xbc¯8 decays into D and J/ψ mesons, and the diagrams in Fig. 2(c,d)
denote processes with D and light mesons final states. Expanding the two Hamiltonian above, one obtains the decay
amplitudes which are listed in Tab. III. In addition, the relations between the different decay widths are given as
follows.
Γ(XBcπ0 → K−D
0
) =
1
2
Γ(XBcπ− → K−D−) = Γ(XBcπ0 → K
0
D−) =
1
2
Γ(XBcπ+ → K
0
D
0
),
Γ(XBcπ+ → ηD
0
) = 2Γ(XBcπ0 → ηD−) = 2Γ(XBcη → π0D−) = Γ(XBcη → π−D
0
),
Γ(XBcK0 → π−D
0
) = 2Γ(XBcK0 → π0D−) = Γ(XBcK+ → π+D−) = 2Γ(XBcK+ → π0D
0
),
Γ(XBc
K
0 → K−D0) = 2Γ(XBcπ0 → K0D−s ) = Γ(XBcπ+ → K+D−s ),
Γ(XBcπ0 → π0D−s ) = Γ(XBcπ− → π−D−s ) = Γ(XBcπ+ → π+D−s ),
Γ(XBcK+ → K0D
0
) = Γ(XBcK− → π−D−s ) = 2Γ(XBcK0 → π
0D−s ),
Γ(XBcK+ → ηD
0
) = Γ(XBcK0 → ηD−),Γ(XBcη → K−D
0
) = Γ(XBcη → K
0
D−),
Γ(XBcπ− → π−D−) = Γ(XBcK0 → K0D−),Γ(XBcπ+ → π+D−) = Γ(XBcK0 → K
0
D−),
Γ(XBcπ+ → π0D
0
) = Γ(XBcπ0 → π−D
0
),Γ(XBc
K
0 → K0D−s ) = Γ(XBcK− → K−D−s ),
6TABLE III: Tetraquark Xbc¯8 decays into anti-charmed meson plus light meson or anti-charmed meson plus J/ψ.
channel amplitude channel amplitude
XBc
π−
→ π−D− (a3 + a4)V ∗cd XBcπ− → π
−D−s a3V
∗
cs
XBc
π−
→ K−D− a4V ∗cs XBcπ0 → π0D− 12 (a2 + 2a3 + a4)V
∗
cd
XBcπ0 → π0D−s a3V ∗cs XBcπ0 → π−D
0 (a4−a2)V ∗cd√
2
XBcπ0 → K0D−s −
a2V
∗
cd√
2
XBcπ0 → K
0
D− − a4V
∗
cs√
2
XBcπ0 → K−D
0 a4V
∗
cs√
2
XBcπ0 → ηD− −
(a2+a4)V
∗
cd
2
√
3
XBc
π+
→ π+D− (a2 + a3)V ∗cd XBcπ+ → π
+D−s a3V
∗
cs
XBcπ+ → π0D
0 (a2−a4)V ∗cd√
2
XBcπ+ → K+D−s a2V ∗cd
XBcπ+ → K
0
D
0
a4V
∗
cs X
Bc
π+ → ηD
0 (a2+a4)V
∗
cd√
6
XBc
K−
→ π−D−s a4V ∗cd XBcK− → K
−D− a3V
∗
cd
XBc
K−
→ K−D−s (a3 + a4)V ∗cs XBcK0 → π
0D−s − a4V
∗
cd√
2
XBc
K
0 → K0D− (a2 + a3)V ∗cd XBcK0 → K
0
D−s (a3 + a4)V
∗
cs
XBc
K
0 → K−D0 a2V ∗cd XBcK0 → ηD
−
s
(a4−2a2)V ∗cd√
6
XBcK0 → π0D− −
a2V
∗
cs√
2
XBcK0 → π−D
0
a2V
∗
cs
XBcK0 → K0D− (a3 + a4)V ∗cd XBcK0 → K0D−s (a2 + a3)V ∗cs
XBcK0 → ηD−
(a2−2a4)V ∗cs√
6
XBcK+ → π+D− a2V ∗cs
XBcK+ → π0D
0 a2V
∗
cs√
2
XBcK+ → K+D− a3V ∗cd
XBcK+ → K+D−s (a2 + a3)V ∗cs XBcK+ → K0D
0
a4V
∗
cd
XBc
K+
→ ηD0 (a2−2a4)V
∗
cs√
6
XBcη → π0D− − (a2+a4)V
∗
cd
2
√
3
XBcη → π−D
0 (a2+a4)V
∗
cd√
6
XBcη → K0D−s (a2−2a4)V
∗
cd√
6
XBcη → K
0
D−
(a4−2a2)V ∗cs√
6
XBcη → K−D
0 (a4−2a2)V ∗cs√
6
XBcη → ηD− 16 (a2 + 6a3 + a4)V
∗
cd X
Bc
η → ηD−s 13 (2a2 + 3a3 + 2a4)V
∗
cs
channel amplitude channel amplitude
XBcπ0 → D−J/ψ −
a1V
∗
cd√
2
XBc
π+
→ D0J/ψ a1V ∗cd
XBc
K
0 → D−s J/ψ a1V ∗cd XBcK0 → D−J/ψ a1V ∗cs
XBc
K+
→ D0J/ψ a1V ∗cs XBcη → D−J/ψ a1V
∗
cd√
6
XBcη → D−s J/ψ −
√
2
3
a1V
∗
cs
Γ(XBcK+ → K+D−) = Γ(XBcK− → K−D−),Γ(XBcK+ → K+D−s ) = Γ(XBcK0 → K0D−s ),
2Γ(XBcπ0 → D−J/ψ) = Γ(XBcπ+ → D
0
J/ψ) = Γ(XBc
K
0 → D−s J/ψ) = 6Γ(XBcη → D−J/ψ),
Γ(XBcK0 → D−J/ψ) = Γ(XBcK+ → D
0
J/ψ) =
3
2
Γ(XBcη → D−s J/ψ).
(II). b→ cu¯d/s transition: two body decays into mesons
The operator of the b → cu¯d/s transition can form an octet according to the SU(3) symmetry, of which nonzero
entry (H8)
2
1 = V
∗
ud for the b→ cu¯d transition, and (H8)31 = V ∗us for the b→ cu¯s transition. As usual, the hadron-level
effective Hamiltonian can be constructed as
Heff = a6(Tbc¯8)ij(H8)kiM jkJ/ψ + a7(Tbc¯8)ij(H8)jkMki J/ψ,
Heff = a8(Tbc¯8)ij(H8)jiDkD
k
+ a9(Tbc¯8)
i
j(H8)
k
iDkD
j
+ a10(Tbc¯8)
i
j(H8)
j
kDiD
k
,
Heff = a11(Tbc¯8)ij(H8)jiM lkMkl + a12(Tbc¯8)ij(H8)liM jkMkl + a13(Tbc¯8)ij(H8)jkM liMkl
7+a14(Tbc¯8)
i
j(H8)
l
kM
j
iM
k
l + a15(Tbc¯8)
i
j(H8)
l
kM
k
i M
j
l . (13)
In topological level, the relevant Feynman diagrams are shown in Fig. 2(a-i). Specifically, the Feynman diagrams of
Xbc¯8 decays into a light meson plus J/ψ are given in Fig. 2(b,e), and the Fig. 2(a,f,g) correspond with the processes
of producing D plus D¯, the processes that Xbc¯8 produces two light mesons are represented by Feynman diagrams in
Fig. 2(c,d,h,i). One derives the decay amplitudes given in Tab. IV respectively. Accordingly, we obtain the relations
between different decay widths for J/ψ and a light meson as follows.
Γ(XBcπ+ → π0J/ψ) = Γ(XBcπ0 → π−J/ψ) = 2Γ(XBcπ0 → K−J/ψ),
Γ(XBcπ+ → K
0
J/ψ) = 2Γ(XBcπ0 → K−J/ψ),
Γ(XBcK+ → π0J/ψ) =
1
2
Γ(XBcK0 → π−J/ψ).
The relations for producing the charmed meson and anti-charmed meson become
Γ(XBcπ0 → D0D−s ) =
1
2
Γ(XBcπ+ → D+D−s ).
The relations for producing two light mesons become
Γ(XBcπ− → π−π−) = 2Γ(XBcK− → K−π−) = 2Γ(XBcK0 → K0π−) = 2Γ(XBcπ0 → π0π−),
Γ(XBcπ− → π−K−) =
1
2
Γ(XBcK− → K−K−) = Γ(XBcK0 → K
0
K−),
Γ(XBcπ0 → π−K
0
) = 3Γ(XBcπ+ → ηK
0
) = Γ(XBcπ+ → π0K
0
),
Γ(XBcK+ → π0π0) =
1
2
Γ(XBcK+ → π+π−),Γ(XBcπ+ → π0η) = Γ(XBcπ0 → π−η),
Γ(XBcπ+ → K
0
η) = 2Γ(XBcπ0 → K−η),Γ(XBcK0 → π
0K−) = 3Γ(XBc
K
0 → ηK−),
Γ(XBcK+ → π0K0) = 3Γ(XBcK+ → ηK0),Γ(XBcK+ → π0η) =
1
2
Γ(XBcK0 → π−η).
(III). b→ uc¯d/s transition: two-body decays into mesons
The operator (u¯b)(q¯c) can form an anti-symmetric 3¯ and a symmetric 6 representations. In the transition b→ uc¯s,
the nonzero components of the anti-symmetric tensor H ′′¯3 and the symmetric tensor H6 are given respectively as
(H ′′¯3 )
13 = −(H ′′¯3 )31 = V ∗cs, (H6¯)13 = (H6¯)31 = V ∗cs. In the transition b→ uc¯d, the nonzero components can be obtained
by interchanging the subscripts 2 ↔ 3, and replacing Vcs by Vcd. Therefor, the effective Hamiltonian at the hadron
level for Xbc¯8 producing two mesons is constructed as
Heff = a16(Tbc¯8)ij(H3¯)[jk]DiDk + a17(Tbc¯8)ij(H6){jk}DiDk. (14)
Also the Feynman diagrams corresponding with the Hamiltonian above are given in Fig. 2(a-d). One then deduce the
decay amplitudes for different channels shown in Tab. V, which leads to the relations for decay widths as
Γ(XBcπ− → D−D−s ) =
1
2
Γ(XBcK− → D−s D−s ) = 2Γ(XBcπ0 → D
0
D−s ),
Γ(XBcπ− → D−D−) = 2Γ(XBcK− → D−s D−),Γ(XBcπ+ → D
0
D
0
) = 2Γ(XBc
K
0 → D0D−s ),
Γ(XBcK+ → D
0
D
0
) = 2Γ(XBcK0 → D
0
D−).
8TABLE IV: Tetraquark Xbc¯8 decays into J/ψ plus light meson or charmed meson plus anti-charmed meson or two light mesons.
channel amplitude channel amplitude
XBcπ0 → π−J/ψ
(a6−a7)V ∗ud√
2
XBcπ0 → K−J/ψ
a6V
∗
us√
2
XBc
π+
→ π0J/ψ (a7−a6)V
∗
ud√
2
XBc
π+
→ K0J/ψ a6V ∗us
XBc
π+
→ ηJ/ψ (a6+a7)V
∗
ud√
6
XBc
K
0 → K−J/ψ a7V ∗ud
XBcK0 → π−J/ψ a7V ∗us XBcK+ → π
0J/ψ
a7V
∗
us√
2
XBc
K+
→ K0J/ψ a6V ∗ud XBcK+ → ηJ/ψ
(a7−2a6)V ∗us√
6
XBcη → π−J/ψ (a6+a7)V
∗
ud√
6
XBcη → K−J/ψ (a6−2a7)V
∗
us√
6
channel amplitude channel amplitude
XBcπ0 → D0D−
(a9−a10)V ∗ud√
2
XBcπ0 → D0D−s
a9V
∗
us√
2
XBc
π+
→ D0D0 (a8 + a10)V ∗ud XBcπ+ → D+D− (a8 + a9)V ∗ud
XBc
π+
→ D+D−s a9V ∗us XBcπ+ → D
+
s D
−
s a8V
∗
ud
XBc
K
0 → D0D−s a10V ∗ud XBcK0 → D0D− a10V ∗us
XBc
K+
→ D0D0 (a8 + a10)V ∗us XBcK+ → D+D− a8V ∗us
XBc
K+
→ D+s D− a9V ∗ud XBcK+ → D
+
s D
−
s (a8 + a9)V
∗
us
XBcη → D0D−
(a9+a10)V
∗
ud√
6
XBcη → D0D−s (a9−2a10)V
∗
us√
6
channel amplitude channel amplitude
XBc
π−
→ π−π− 2 (a14 + a15)V ∗ud XBcπ− → π
−K− (a14 + a15)V
∗
us
XBcπ0 → π0π− (a14 + a15)V ∗ud XBcπ0 → π0K− 12 (a12 + 2a14 + a15)V
∗
us
XBcπ0 → π−K
0 (a12−a15)V ∗us√
2
XBcπ0 → π−η
(a12−a13)V ∗ud√
3
XBcπ0 → K0K−
(a12−a13)V ∗ud√
2
XBcπ0 → K−η
(a15−a12)V ∗us
2
√
3
XBc
π+
→ π+π− (2a11 + a12 + a13 + a14)V ∗ud XBcπ+ → π+K− (a12 + a14)V ∗us
XBc
π+
→ π0π0 (2a11 + a12 + a13 − a15)V ∗ud XBcπ+ → π
0K
0 (a15−a12)V ∗us√
2
XBc
π+
→ π0η (a13−a12)V
∗
ud√
3
XBc
π+
→ K+K− (2a11 + a13)V ∗ud
XBc
π+
→ K0K0 (2a11 + a12)V ∗ud XBcπ+ → K
0
η
(a15−a12)V ∗us√
6
XBc
π+
→ ηη 1
3
(6a11 + a12 + a13 + a15)V
∗
ud X
Bc
K−
→ π−K− (a14 + a15)V ∗ud
XBcK− → K−K− 2 (a14 + a15)V ∗us XBcK0 → π
0K−
(a13−a15)V ∗ud√
2
XBc
K
0 → π−K0 (a13 + a14)V ∗ud XBcK0 → K
0
K− (a14 + a15)V
∗
us
XBc
K
0 → K−η (a15−a13)V
∗
ud√
6
XBcK0 → π−K0 (a14 + a15)V ∗ud
XBcK0 → π−η
√
2
3
(a13 − a15)V ∗us XBcK0 → K0K− (a13 + a14)V ∗us
XBc
K+
→ π+π− (2a11 + a13)V ∗us XBcK+ → π0π0 (2a11 + a13)V ∗us
XBc
K+
→ π0K0 (a15−a12)V
∗
ud√
2
XBc
K+
→ π0η (a13−a15)V
∗
us√
3
XBc
K+
→ π−K+ (a12 + a14)V ∗ud XBcK+ → K
+K− (2a11 + a12 + a13 + a14)V
∗
us
XBc
K+
→ K0K0 (2a11 + a12)V ∗us XBcK+ → K0η
(a15−a12)V ∗ud√
6
XBc
K+
→ ηη 1
3
(6a11 + 4a12 + a13 − 2a15)V ∗us XBcη → π0K− (a12−2a13+a15)V
∗
us
2
√
3
XBcη → π−K
0 (a12−2a13+a15)V ∗us√
6
XBcη → π−η 13 (a12 + a13 + 3a14 + a15)V
∗
ud
XBcη → K0K−
(a12+a13−2a15)V ∗ud√
6
XBcη → K−η 16 (−a12 + 2a13 + 6a14 + 5a15)V
∗
us
(IV). Charmless b→ q1q¯2q3 transition: two body decays into mesons
The charmless tree level operator (q¯1b)(q¯2q3) (qi = d, s) can be decomposed into a triple H3, an antisymmetric
sextet H
6
and a traceless symmetric H15 in upper indices, while the charmless penguin level operator behave as the
triplet H3 .
9TABLE V: Tetraquark Xbc¯8 decays into two anti-charmed mesons.
channel amplitude channel amplitude
XBcπ− → D−D− 2 (a16 + a17)V ∗cd XBcπ− → D−D−s (a16 + a17)V ∗cs
XBcπ0 → D
0
D−
√
2a16V
∗
cd X
Bc
π0 → D
0
D−s
(a16+a17)V
∗
cs√
2
XBc
π+
→ D0D0 2 (a17 − a16)V ∗cd XBcK− → D
−D−s (a16 + a17)V
∗
cd
XBc
K−
→ D−s D−s 2 (a16 + a17)V ∗cs XBcK0 → D
0
D−s (a17 − a16)V ∗cd
XBcK0 → D
0
D− (a17 − a16)V ∗cs XBcK+ → D
0
D
0
2 (a17 − a16)V ∗cs
XBcη → D
0
D−
√
2
3
a17V
∗
cd X
Bc
η → D
0
D−s
(3a16−a17)V ∗cs√
6
For the ∆S = 0(b→ d) decays, the nonzero components of these irreducible tensors are given as
(H3)
2 = 1, (H6)
12
1 = −(H6)211 = (H6)233 = −(H6)323 = 1,
2(H15)
12
1 = 2(H15)
21
1 = −3(H15)222 = −6(H15)233 = −6(H15)323 = 6. (15)
For the ∆S = 1(b → s) decays, the nonzero entries in the irreducible tensor H3, H6, H15 can be obtained from
Eq. (15) with the exchange 2 ↔ 3. Accordingly, the hadron-level effective Hamiltonian for Xbc¯8 decays into mesons
is constructed as
Heff = b4(Tbc¯8)ij(H3)kDiM jk + b5(Tbc¯8)ij(H3)jDkMki + b6(Tbc¯8)ij(H3)kDkM ji
+b7(Tbc¯8)
i
j(H6¯)
[jk]
i DlM
l
k + b8(Tbc¯8)
i
j(H6¯)
[kl]
i DkM
j
l + b9(Tbc¯8)
i
j(H6¯)
[jk]
l DiM
l
k
+b10(Tbc¯8)
i
j(H6¯)
[jk]
l DkM
l
i + b11(Tbc¯8)
i
j(H15)
{jk}
i DlM
l
k + b12(Tbc¯8)
i
j(H15)
{kl}
i DkM
j
l
+b13(Tbc¯8)
i
j(H15)
{jk}
l DiM
l
k + b14(Tbc¯8)
i
j(H15)
{jk}
l DkM
l
i . (16)
In the two-body decays of the transition, the decay amplitudes are given in Tab. VI for the transition b → d and
Tab. VII for the transition b→ s. We obtain no direct relation of these decay widths.
(V). c¯→ q¯1q2q¯3 transition: two body decays into mesons
Under the flavor SU(3) symmetry, the operator c¯q1q¯2q3 transforms as 3¯⊗ 3⊗ 3¯ = 3¯⊕ 3¯⊕ 6 ⊕ 15. Following the
classifications mentioned before, the Cabibbo allowed transition to be c¯ → s¯du¯, and the nonzero tensor components
are given as
(H6)
2
31 = −(H6)213 = 1, (H15)231 = (H15)213 = 1. (17)
In the singly Cabibbo suppressed transition c¯ → u¯dd¯ and c¯→ u¯ss¯ , the combination of tensor components are given
as
(H6)
3
31 = −(H6)313 = (H6)212 = −(H6)221 = sin(θC),
(H15)
3
31 = (H15)
3
13 = −(H15)212 = −(H15)221 = sin(θC). (18)
while for the doubly Cabibbo suppressed transition c¯→ d¯su¯, we have
(H6)
3
21 = −(H6)312 = sin2 θC , (H15)321 = (H15)312 = sin2 θC . (19)
Therefor, it is convenient to construct the hadron-level effective Hamiltonian for Xbc¯8 decays into mesons as
Heff = f3(Tbc¯8)ij(H6)j[ik]B
l
Mkl + f4(Tbc¯8)
i
j(H6)
l
[ik]B
j
Mkl + f5(Tbc¯8)
i
j(H6)
l
[ik]B
k
M jl
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TABLE VI: Tetraquark Xbc¯8 decays into anti-charmed and light mesons induced by the charmless b→ d transition.
channel amplitude
XBcπ− → D−π− b4 + b6 + b9 + b10 − 2b12 + 3b13 + 3b14
XBcπ0 → D
0
π− 1√
2
(b4 − b5 + b7 + b8 + b9 + b10 + 5b11 + 3b12 + 3b13 − 3b14)
XBcπ0 → D−π0 12 (b4 + b5 + 2b6 − b7 − b8 + b9 + b10 − 5b11 + b12 − 5b13 + b14)
XBcπ0 → D−η
−b4−b5+b7−b8+3b9+b10+5b11+5b12−3b13+5b14
2
√
3
XBcπ0 → D−s K0
−b5+b7−b10+5b11+b14√
2
XBc
π+
→ D0π0 − b4−b5+b7+b8+b9+b10−3b11+3b12−5b13−3b14√
2
XBc
π+
→ D0η b4+b5−b7+b8−3b9−b10+3b11+3b12+3b13+3b14√
6
XBc
π+
→ D−π+ b5 + b6 − b7 − b8 + 3b11 + 3b12 − 2b14
XBc
π+
→ D−s K+ b5 − b7 + b10 + 3b11 − b14
XBcK− → D−K− b6 + b8 + b10 − b12 + 3b14
XBc
K−
→ D−s π− b4 − b8 + b9 − b12 + 3b13
XBc
K
0 → D0K− b5 + b7 − b10 − b11 + 3b14
XBc
K
0 → D−K0 b5 + b6 + b7 + b8 − b11 − b12 − 2b14
XBc
K
0 → D−s π0 −b4+b8−b9+b12+5b13√2
XBc
K
0 → D−s η 1√6 (b4 − 2b5 − 2b7 − b8 − 3b9 − 2b10 + 2b11 − b12 + 3b13 + 2b14)
XBcK0 → D−K0 b4 + b6 − b9 − b10 − 2b12 − b13 − b14
XBc
K+
→ D0K0 b4 + b8 − b9 + 3b12 − b13
XBcK+ → D−K+ b6 − b8 − b10 + 3b12 − b14
XBcη → D
0
π− b4+b5+3b7+b8+b9−b10+3b11+3b12+3b13+3b14√
6
XBcη → D−π0 − b4+b5+3b7+b8+b9−b10+3b11−5b12−5b13−5b142√3
XBcη → D−η 16 (b4 + b5 + 3 (2b6 + b7 + b8 − b9 − b10 + b11 − b12 + b13 − b14))
XBcη → D−s K0 −2b4+b5+3b7+2b8+2b9+b10+3b11+2b12+2b13−b14√6
TABLE VII: Tetraquark Xbc¯8 decays into anti-charmed and light mesons induced by the charmless b→ s transition .
channel amplitude channel amplitude
XBc
π−
→ D−K− b4 − b8 + b9 − b12 + 3b13 XBcπ− → D
−
s π
− b6 + b8 + b10 − b12 + 3b14
XBcπ0 → D
0
K− b4+2b7+b8+b9+4b11+3b12+3b13√
2
XBcπ0 → D−K
0 (−b4+2b7+b8+b9+4b11+b12+b13)√
2
XBcπ0 → D−s π0 b6 + b12 + b14 XBcπ0 → D−s η
−2b7−b8+b10−4b11+2b12+2b14√
3
XBc
π+
→ D0K0 b4 + b8 − b9 + 3b12 − b13 XBcπ+ → D
−
s π
+ b6 − b8 − b10 + 3b12 − b14
XBc
K−
→ D−s K− b4 + b6 + b9 + b10 − 2b12 + 3b13 + 3b14 XBcK0 → D
−
s K
0
b4 + b6 − b9 − b10 − 2b12 − b13 − b14
XBcK0 → D
0
π− b5 + b7 − b10 − b11 + 3b14 XBcK0 → D−π0 −
b5+b7+2b9+b10−b11−4b13−b14√
2
XBcK0 → D−η
−2b4+b5+b7+2b8+b10−b11+2b12+6b13−b14√
6
XBcK0 → D−s K0 b5 + b6 + b7 + b8 − b11 − b12 − 2b14
XBc
K+
→ D0π0 (b5−b7−2b9−b10+3b11+4b13+3b14)√
2
XBc
K+
→ D0η − 2b4−b5+b7+2b8+b10−3b11+6b12−6b13−3b14√
6
XBc
K+
→ D−π+ b5 − b7 + b10 + 3b11 − b14 XBcK+ → D−s K+ b5 + b6 − b7 − b8 + 3b11 + 3b12 − 2b14
XBcη → D
0
K− b4−2b5+b8+b9+2b10+6b11+3b12+3b13−6b14√
6
XBcη → D−K
0 b4−2b5−b8−b9−2b10+6b11−b12−b13+2b14√
6
XBcη → D−s π0 −b8+2b9+b10+2b12−4b13+2b14√3 X
Bc
η → D−s η 2b43 +
2b5
3
+ b6 − 2b11 − b12 − 2b13 − b14
+f6(Tbc¯8)
i
j(H6)
j
[kl]B
k
M li + f7(Tbc¯8)
i
j(H15)
j
{ik}B
l
Mkl + f8(Tbc¯8)
i
j(H15)
l
{ik}B
j
Mkl
+f9(Tbc¯8)
i
j(H15)
l
{ik}B
k
M jl + f10(Tbc¯8)
i
j(H15)
j
{kl}B
k
M li . (20)
As usual, the corresponding Feynman diagrams are given in Fig. 3. Expanding the Hamiltonian above to obtain decay
amplitudes, and listed in Tab. VIII. One deduce the relations between different decay widths given as
Γ(XBcπ− → B−π−) = Γ(XBcK− → B−K−),Γ(XBcπ0 → B−π0) = Γ(XBcη → B−η),
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TABLE VIII: Tetraquark Xbc¯8 decays into a B meson and light meson.
channel amplitude channel amplitude
XBcπ0 → B−K0
−f4+f6+f8−f10√
2
XBcπ0 → B
0
sπ
− − f5+f6−f9+f10√
2
XBcπ+ → B−K+ −f3 − f6 + f7 + f10 XBcπ+ → B
0
K0 −f3 − f4 + f7 + f8
XBc
π+
→ B0sπ0 f5+f6−f9+f10√2 X
Bc
π+
→ B0sη (2f3−f5+f6−2f7+f9+f10)√6
XBc
K−
→ B−π− f4 + f5 + f8 + f9 XBc
K
0 → B−π0 f3−f5+f7−f9√
2
XBc
K
0 → B−η f3+f5+2f6+f7+f9−2f10√
6
XBc
K
0 → B0π− f3 + f4 + f7 + f8
XBc
K
0 → B0sK− f3 + f6 + f7 + f10 XBcK+ → B
0
sK
0 −f4 − f5 + f8 + f9
XBcη → B−K0 − f4+2f5+f6−f8+2f9−f10√6 X
Bc
η → B
0
sπ
− −2f4−f5+f6−2f8+f9+f10√
6
XBc
π−
→ B−π− (f4 + f5 + f8 + f9) (−sC) XBcπ0 → B−π0
(f3−f4−f5+f6+f7+f8−f9−f10)sC
2
XBcπ0 → B−η
(f3+3f4+f5−f6+f7−3f8+f9+f10)sC
2
√
3
XBcπ0 → B
0
π− (f3+f4+f5+f6+f7+f8−f9+f10)sC√
2
XBcπ0 → B
0
sK
− (f3−f5+f7+f9)sC√
2
XBc
π+
→ B−π+ (f3 + f6 − f7 − f10) sC
XBc
π+
→ B0π0 − (f3+f4+f5+f6−f7−f8−f9+f10)sC√
2
XBc
π+
→ B0η (f3+3f4+f5−f6−f7−3f8−f9−f10)sC√
6
XBc
π+
→ B0sK
0
(f3 − f5 − f7 + f9) sC XBcK− → B
−K− (f4 + f5 + f8 + f9) sC
XBc
K
0 → B−K0 (f5 + f6 + f9 − f10) sC XBc
K
0 → B0K− (f4 − f6 + f8 − f10) sC
XBcK0 → B−K0 (f5 + f6 + f9 − f10) (−sC) XBcK0 → B
0
sπ
− (f4 − f6 + f8 − f10) (−sC)
XBc
K+
→ B−K+ (f3 + f6 − f7 − f10) (−sC) XBcK+ → B
0
K0 (f3 − f5 − f7 + f9) (−sC)
XBc
K+
→ B0sπ0 (−f4+f6+f8+f10)sC√2 X
Bc
K+
→ B0sη (2f3+3f4+2f5+f6−2f7−3f8−2f9+f10)sC√6
XBcη → B−π0 − (3f3+f4−f5+f6+3f7−f8−f9−f10)sC2√3 X
Bc
η → B−η − (f3−f4−f5+f6+f7+f8−f9−f10)sC2
XBcη → B
0
π− − (3f3+f4−f5+f6+3f7+f8+f9+f10)sC√
6
XBcη → B
0
sK
− − (3f3+2f4+f5+2f6+3f7+2f8−f9+2f10)sC√
6
XBc
π−
→ B−K− (f4 + f5 + f8 + f9) sC2 XBcπ0 → B−K
0 − (f4+f5−f8+f9)sC
2
√
2
XBcπ0 → B
0
K− − (f4+f5+f8−f9)sC
2
√
2
XBc
π+
→ B0K0 (f4 + f5 − f8 − f9)
(
−sC2
)
XBcK0 → B−π0
(f3+f6+f7−f10)sC2√
2
XBcK0 → B−η
(f3−2f5−f6+f7−2f9+f10)sC2√
6
XBcK0 → B
0
π− (f3 + f6 + f7 + f10) sC
2 XBcK0 → B
0
sK
− (f3 + f4 + f7 + f8) sC
2
XBc
K+
→ B−π+ (f3 + f6 − f7 − f10)
(
−sC2
)
XBc
K+
→ B0π0 1√
2
(f3 + f6 − f7 + f10) sC2
XBcK+ → B
0
η − (f3−2f5−f6−f7+2f9−f10)sC
2
√
6
XBcK+ → B
0
sK
0
(f3 + f4 − f7 − f8)
(
−sC2
)
XBcη → B−K
0 − (f4−f5−2f6−f8−f9+2f10)sC
2
√
6
XBcη → B
0
K− (f4−f5−2f6+f8+f9−2f10)sC
2
√
6
Γ(XBcπ+ → B−π+) = Γ(XBcK+ → B−K+),Γ(XBcπ+ → B
0
sπ
0) = Γ(XBcπ0 → B
0
sπ
−),
Γ(XBcK0 → B−K0) = Γ(XBcK0 → B
−K
0
),Γ(XBcK0 → B
0
sπ
−) = Γ(XBc
K
0 → B0K−),
Γ(XBcK+ → B
0
K0) = Γ(XBcπ+ → B
0
sK
0
).
V. GOLDEN DECAY CHANNELS
In this section, we will discuss the golden channels to reconstruct the Xbc¯8 and give an estimate of the decay
branching fractions. In our analysis given in the previous sections, the final meson can be replaced by its corresponding
counterpart with the same quark constituent but different quantum numbers. For instance, one may replace K
0
by
K
∗0
.
Golden decay channels must satisfy the following criteria.
• Branching fractions: For charm quark decays, one should use the Cabibbo allowed decay modes, while for
bottom quark, the quark level transition b→ cu¯d or b→ cc¯s gives the largest branching fractions.
• Detection efficiency: At hadron colliders like LHC, charged particles have better chances to be detected than
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TABLE IX: Cabibbo allowed Xbc¯8 c¯-quark decays.
XBcπ0 → B−K0 XBcπ0 → B
0
sπ
−
XBcπ+ → B−K+ XBcπ+ → B
0
K0
XBc
K−
→ B−l−ν¯ XBc
K−
→ B−π−
XBc
K
0 → B0l−ν¯ XBc
K
0 → B0π− XBc
K
0 → B0sK−
XBc
K+
→ B0sK0
XBcη → B
0
sl
−ν¯ XBcη → B−K0 XBcη → B
0
sπ
−
TABLE X: Golden channels for Xbc¯8 b-quark decays.
XBc
π−
→ π−D−s XBcπ− → K
−D− XBc
π−
→ π−π− XBc
π−
→ D−D−s
XBcπ0 → π−J/ψ XBcπ0 → K
0
D− XBcπ0 → K−D
0
XBcπ0 → D0D− XBcπ0 → K0K−
XBcπ0 → D
0
D−s
XBcπ+ → π+D−s XBcπ+ → K
0
D
0
XBcπ+ → D0D
0
XBcπ+ → D+D−
XBc
π+
→ D+s D−s XBcπ+ → π
+π− XBc
π+
→ K+K− XBc
π+
→ K0K0
XBc
K−
→ K−D−s XBcK− → π−K− XBcK− → D−s D−s
XBc
K
0 → K−J/ψ XBc
K
0 → K0D−s XBcK0 → D
0D−s X
Bc
K
0 → π−K0
XBcK0 → D−J/ψ XBcK0 → π−D
0
XBcK0 → K0D−s XBcK0 → π−K0 XBcK0 → D
0
D−
XBc
K+
→ D0J/ψ XBc
K+
→ K0J/ψ XBc
K+
→ π+D− XBc
K+
→ K+D−s XBcK+ → D+s D−
XBc
K+
→ π−K+ XBc
K+
→ D0D0
XBcη → D−s J/ψ XBcη → π−J/ψ XBcη → K
0
D− XBcη → K−D
0
XBcη → D0D−
XBcη → K0K− XBcη → D
0
D−s
neutral states. So we will remove the channels with π0, η, φ, ρ±(→ π±π0), K∗±(→ K±π0) and ω, but keep the
modes with π±,K0(→ π+π−), ρ0(→ π+π−).
The two-body decay modes that can be used to reconstruct the Xbc¯8 are collected in Tab. IX and Tab. X.
Some comments are appropriate to our SU(3) analysis. The typical branching fraction for charm quark decay in
Tab. IX is at a few percent level. On the experiment side, to construct the bottom meson, another factor, at the
order 10−3 or even smaller, due to the weak decay of bottom meson is needed. So the branching fraction for the decay
chains to reconstruct the Xbc¯8 might reach the order 10
−5, or smaller.
If the b quark decay first in Xbc¯8, the typical branching fraction is at the order 10
−3. The final states which include
the J/ψ or D meson such as XBc
π−
→ K−D− would introduce a factor 10−3 to reconstruct. So the branching fraction
of these channels may also reach the order 10−5.
The channels with two light mesons such as XBc
π−
→ π−π− require the annihilation of the two heavy quarks. But
since the CKM matrix element Vcb, these channels might have sizable decay branching fractions.
VI. CONCLUSIONS
Tetraquarks with the quark content [bqi][c¯q¯j ] are of great research interest but have not been discovered yet. In
this paper, we have systematically studied the weak decays of the doubly-heavy tetraquarks Xbc¯8 under SU(3) flavor
symmetry, which include the semileptonic and nonleptonic b and c¯ quark decays. The c¯ quark decays are dominant,
of which the typical branching fraction is at a few percents level.
Using the building blocks in SU(3), we construct the effective Hamiltonian at the hadron level for their weak decays.
The nonperturbative effects are parametrized into a few quantities (ai, bj, ...). Therefore, one can easily derive the
13
decay amplitudes, based on which relations between different channels can be obtained. Finally, we give a list of the
golden channels which is useful to search for the Xbc¯8 state tetraquarks in future experiments.
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